Vegetation of 40 sample stands on serpentine soils was analyzed and used to indicate conditions that _might limit the establishment of annual range species. Two groups of stands, "cypress" and "noncypress, " were defined by duster analysis. Stands with Cupressus sargentii also contained Arctostaphylos viscida and occurred on mesic sites with lower Ca in the sub-surface soil. Stands without C. sargentii usually contained Adenostoma fasciculatum and Quercus durata and occurred on the drier sites with higher Ca.
I. Principal Component Analysis of Vegetation Data
Vegetation of 40 sample stands on serpentine soils was analyzed and used to indicate conditions that _might limit the establishment of annual range species. Two groups of stands, "cypress" and "noncypress, " were defined by duster analysis. Stands with Cupressus sargentii also contained Arctostaphylos viscida and occurred on mesic sites with lower Ca in the sub-surface soil. Stands without C. sargentii usually contained Adenostoma fasciculatum and Quercus durata and occurred on the drier sites with higher Ca.
Principal component analysis was carried out on the vegetation data in each group of stands, and simple and partial correlations were calculated between principal components and environmental variables . A moisture gradient within the cypress stands was associated mainly with the water-storage capacity of the soil. Cupressas sargentii was more abundant at lower water-storage capacities (and at lower elevations) , while Arctostaphylos viscida was most abundant at the opposite end of the gradient. No correlations were found with soil chemical analyses.
The relations between principal components and environmental variables were less apparent within the non-cypress stands. Adenostoma fasciculatum and Garrya congdoni were most abundant where Ca contents in the soil were high while Ceanotbus jepsonii, Quercus durata, Bromus laevipes, and Sisyrinchium bellum were most abundant at the opposite end of the gradient. 
INTRODUCTION
SERPENTINE SOILS have a unique combination of chemical characteristics that affect the vegetation found on them. Species growing on these soils are usually subjected to low concentrations of Ca, high concentrations of Mg, occasionally toxic levels of Ni, Cr, and Co, and deficiencies ofMo (proctor and Woodell, 1975) . N, P, K, and S deficiencies are known to be of importance on some serpentine soils (Iones, Williams, and Ruckman, 1977) . Several workers have demonstrated that different species, and even different races of a species, growing on the same soil will differ in their elemental composition (Collander, 1941; Lyon etal. 1971; Shewry and Peterson, 1975; ]ohnston and Proctor, 1977) . These differences may reflect differences in mechanisms of adaptation to these soils (especially in the case of such inhospitable soils as serpentine soils), although they do not reveal what the mechanisms are or even what concentrations are optimum. Optimum concentrations of these elements need to be defined for each species.
Experimental work, where the growth medium is varied under controlled conditions, is necessary to accurately define these optima (Walker, Walker, and Ashworth, 1955; Marrs and Proctor, 1976) . Nevertheless, the abundance and vigor of species in the field may prove to be related to soil and leaf concentrations of important elements. These relations might supply some information about optimum concentrations where experiment is impractical or where information is desired to help select species for further experimentation.
Four species dominate in the study area: Cupressus sagentii, Quercus durata, Arctostaphylos viscida, and Adenostoma fasciculatum. Cupressus sargentii and Q. durata are considered to be serpentine endemics (McMillan, 1956) . Arctostaphylos viscida occurs both on and off serpentine in the Sierra Nevada, but is restricted to it in the Coast Range of California, U.S.A., where this study took place O. Major, personal communication) . Althought Adenostoma fasciculatum is very widespread in chaparral in California, serpentine ecotypes may occur. Arctostaphylos viscida and Q. durata were the most widespread species in our study area. Sites containing C. sargentii had significantly lower concentrations of Ca in the soil than sites containing Adenostoma fasciculatum (pan I). Arctostaphylos viscida was more abundant where C. sargentii occurred, and Q. durata was more abundant where Adenostomafasciculatum occurred.
This paper examines differences in the concentration of elements in the four species. To improve understanding of the adaptive strategies of these species, it also correlates their abundance and size with nutrient concentrations in leaf and soil. with the criterion that vegetation discontinuities be avoided. Soil samples were collected from both the A horizon (surface) and the B horizon (subsoil) by combining subsamples from two locations, along each of the three transects. The samples were then seived and air dried. K, Ca, and Mg were extracted from the soil samples with neutral 1.0 normal ammonium acetate and determined by atomic-absorption spectrophotometry.
METHODS
The percentage cover of each of the four species iCupressas sargentii, Arctostaphylos viscida, Quercus darata, and Adenostoma fasciculatum) was estimated by the lineintercept method along each transect. If a species occurred in the stand but was not intercepted by a transect, it was given a cover value of 0.1 percent. Quadrats (3 x 15 m) were centered over each trasect to determine the density of the species. Heights of all Arctostaphylos viscida and C. sargentiiplants within each quadrat were measured.
Leaf samples were collected within each stand for each of the four species found in that stand. The samples were collected from new growth of plants scattered throughout each stand. Leaf samples were washed, dried, ground, and analyzed for K, Ca, Mg, Ni, and Cr using a 1.5-liter direct-reading emission spectrometer (Applied Research Laboratories [Wallace, Ramsey and Alexander, 1974] ).
The 40 stands were divided objectively into two groups, cypress and non-cypress stands, by an agglomerative method of cluster analysis (pan I). Linear correlations of leaf-cation variables with soil-cation variables and of species abundance and size variables with both leaf and soil chemical composition were calculated separately for cypress and non -cypress stands. These correlations were also calculated for each species over its entire range. Presumably because of changes in species interactions as the plant community changed, results were not as good and not reponed. Scattergrams were examined where nonlinear relations were suspected. Logarithmic functions were used to describe these relations but were not found to improve correlations significantly. Table 1 contains the mean concentrations of exchangeable cations in both the cypress and non-cypress stands. Concentrations of K and Ca and the Ca/Mg ratio were greater in the surface soil than in the subsoil, whereas Mg concentrations were greater in the subsoil. The only significant differences between cypress and non-cypress stands were in the Ca concentration and the Ca/Mg ratio in the subsoil, both being lower in the cypress stands. The concentration of exchangeable Mg was slightly greater in the cypress stands.
RESULTS

Soil analyses
Concentrations of Ca in these soils were mostly in the middle of the range of values found in Table XI , compiled by Proctor and Woodell (1975) . Exchangeable Mg, however, did reach extremely high concentrations in some of these soils (46 meq / 100 g), resulting in some Ca/Mg ratios that were extremely low (0.01).
Leafanalyses
The concentrations of Ni (4.5 to 14.0 ppm; Table 2 ) and Cr (less than 1 ppm for all species) found in this study are quite low compared with Ni and Cr concentrations in serpentine plants compiled by Proctor and Woodell (1975) and Reeves, Brooks, and MacFarland (1981, Ni only). Those workers found concentrations of Ni in leavesranging from undetectable to 10,000 ppm (dry weight basis), with only a few of their samples within the range we found. The same holds true for Cr, which was found in serpentine plants at concentrations up to 284 ppm. Cobalt and Mo were at concentrations below the minimum detectable limits of the analytical procedures used (1.5 ppm for Co and 0.2 ppm for Mo). Mean K concentrations were similar for all species averaging 16 meq / 100 g. Accum-. ulation ratios, the ratios of exchangeable K in the leaf to exchangeable K in the soil, also were similar among species, since all species accumulated K similarly from soil.
Calcium concentrations, Ca/Mg ratios, and the abilities of species to accumulate Ca were all much more variable than were K concentrations. All four species fell into the same order with respect to average values for these three variables: thus, in ascending order, Adenostomafasciculatum, Quercus durata, Arctostaphylos oiscida, and Cupressus sargentii. Variation among the species was greatest for the Ca accumulation ratios, ranging from 3.3 to 21. 1. Our Ca concentrations fell in the middle of the range reponed by Proctor and Woodell (1975) . Only two species in their table, however, have Ca/Mg ratios greater than the mean ratios we found for C. sargentii and Arctostaphylos oiscida.
Magnesium concentrations and accumulation ratios were lowest in Arctostaphylos viscida (20.6 meq/100 g, 0.66) and highest in Adenostoma fasciculatum (33.7 meq/ 100 g, 1.15). Most species reponed on by Proctor and Woodell (1975) had Mg concentrations greater than those in Adenostomafasciculatum, and all specieshad higher ratios. Arctostaphylos viscida and Quercus durat« were the only species that occurred in enough of both the cypressand non-cypress stands for comparisons to be made between the two groups. Table 3 shows the comparisons that produced significant differences. Exchangeable Ca in the soil was greater in the non-cypress stands, and both Ca concentration and Ca/Mg ratio in the leaves of Arctostaphylos viscida reflect this. Quercus durat«, however, had a greater Ca / Mg ratio in leaves collected from the cypress stands.
Differences in the accumulation of both Ca and Mg contributed to this difference. 
Correlations
Exchangeable K and Mg in the soil were not correlated significantly with many leafcation variables (Table 4) . Exchangeable K was correlated positively with the concentration of K in the leaves of Quercus durata only in the non-cypress stands, and exchangeable Mg was correlated negatively with the Ca/Mg ratio only in the leaves of Cupressus sargentii. Several more significant correlations can be found between leaf-cation variables and the soil K x Mg "interaction term," a variable arrived at by multiplying K concentration by Mg concentration. This term should reflect the joint influence of these two variables. The K x Mg term is the only variable included in Table 4 from the surface soil for two reasons. Correlations were higher with this variable than with its subsoil counterpart, unlike the rest of the correlations of surface-soil variables with leaf cations. Secondly, K and Mg alone were not correlated significantly with the leaf-cation variables. All significant correlations of Ca concentrations or Ca/Mg ratios in leaves with the K x Mg interaction terms were negative, and all occurred within the cypress stands.
Exchangeable Ca and Ca/Mg ratio in the subsoil were correlated significantly only with Ca and Ca/Mg ratio in the leaves, with one exception: the correlation between the Ca/Mg ratio in the soil and 'Mg in leaves was negative in Cupressus sargentii. The other correlations are positive for all species except Quercusdurata.
Correlations between leaf cations and soil cations tend to be better when the subsoIl is included. The reason could be that the composition of the surface soil is dependent on species composition. Figure 1 plots all 40 sites according to their surface and subsoil Ca concentrations. In all cases there was more Ca in the surface than in the subsoil, and, according to Table 2 , concentrations of Ca were also higher in leaves than in the subsoil. Discriminant analysis was performed on these data to determine whether the apparent separation of cypress stands from non-cypress stands was significant (Dixon, 1973) . The discriminant function was found to be highly efficient at separating the two groups of sites (Wilks' lambda = 0.34 and canonical correlation = 0.81). The species that are dominant in the cypress stands had higher Ca accumulation ratios than those in the non-cypress stands (Table 2) , and cypress stands had more Ca in the surface soil at any given level of subsoil CA (see figure) . The location of sites with respect to surface and subsoil exchangeable Ca. All sites have a higher concentration of exchangeable Ca in the surface than in the subsoil (---). The discriminant function (---) significantly separates cypress (0) from non-cypress stands (6). Wilks' lambda = 0.34 and canonical correlation = 0.81. Table 5 contains all of the significant (P < .05) correlations of species abundance and size variables with subsoil and leaf-cation variables. Heights of both Cupressus sargentii and Arctostaphylos viscida were correlated negatively with exchangeable K in the soil and correlated positively with the concentration of K in their leaves (the latter only in the cypressstands). The only other correlation with K was between the density of A. viscidain cypressstands and leafK.
Species variables were correlated with only a few soil cation variables other than K. Soil Ca was correlated positively with the cover of both Cupressussargentii and Adenostoma fasciculatum. Soil Mg was correlated negatively with the cover of C. sargentii, and the Ca/Mg ratio was correlated negatively with the density of C. sargentii.
Species variables were correlated more often with leaf-cations than with soil cations. Leaf Ca was correlated negatively with the density ofArctostaphylos viscidain the cypress stands and correlated positively with the cover of Adenostoma fascicuiatum. The cover of Quercus durata was correlated negatively with leafMg in both cypressand non-cypress stands, and the height of Cupressussargentii was correlated positively with leaf Mg. The Ca/Mg ratio in the leaves was the variable correlated most often with species variables. The density of C. sargentii correlated positively with the leaf Ca/Mg ratio in the cypress stands, whereas the density of Arctostaphylos viscida was correlated negatively with it. In the non-cypress stands, the cover of Arctostaphylos viscida was correlated negatively with the leaf Ca/Mg ratio, and the percentages of cover for both Q. durata and Adenostoma !asciculatum were correlated positively with it. 
DISCUSSION
Some of the soils were extreme examples of serpentine soils with respect to Mg concentrations and Ca/Mg ratios (Table 1 ); yet, even the mean concentration of Mg in the leaves of Adenostemafasciculatum (Table 2) Cupressus sargentii appears to be the species best adapted to the low Ca concentrations found in our serpentine soils, while Adenostoma fasciculatum appears to be the least adapted. Soils supporting C. sargentii had a lower Ca concentration than soils supporting A. fasciculatum; yet C. sargentii had the highest concentrations of Ca in leaves and A. fasciculatum had the lowest concentrations, The mean Ca accumulation ratios for A. fasciculatum and C. sargentii were respectively 3.3 and 21.1. Despite these vast differences, the percentage of cover for both species was correlated positively (P < .05) with soil Ca (Table 5 ), indicating that both may be growing at sub-optimal concentrations of Ca. Thus, although C. sargentii may have a Ca requirement just as high or higher than the other species, it is able to grow on soils with extremely low concentrations of exchangeable Ca due to an ability to accumulate Ca selectively CWalker, Walker, and Ashworth, 1955) . Arctostaphylos viscida had the second-highest Ca accumulation ratio, yet it appears to be adapted to low Ca concentrations by a low Ca requirement. This seems to be the case with many species, in the absence of toxic elements CWyn Jones and Lunt, 1967; Main, 1974) . The cover and density of A. viscida were correlated negatively with leaf Ca and/or Ca/Mg ratio, perhaps indicating Ca toxicity. A. fasciculatum had neither a low Ca-requirement nor an ability to take up sufficient Ca from the extremely Ca-deficient sites. Soil calcium concentrations should be highest where A. fasciculatum is most abundant. Introduced species, being unadapted to the low Ca concentrations found in serpentine soils, would be most likely to succeed on these sites.
We have been assuming that the difference between cypress and non-cypress stands in the composition of vegetation reflects, in part, the difference in Ca concentrations in the soil. Others have shown that chemical differences in soil can produce vegetational differences (Billings, 1950; Waring and Major, 1964; McColl and Humphreys, 1967; Webb, 1969) . All the same, it may be that the soils supporting cypress stands are lower in Ca because the species growing on these soils are better Ca accumulators, depleting the subsoil of Ca and depositing it in the litter. If that were true, we would expect subsoil Ca content to decline with increasing age. Soil samples taken both under vegetation and from bare soil need to be compared to settle the question.
Soil Mg concentrations were high in many of the samples taken in this study, yet they were correlated with only one species variable. Magnesium in combination with K, however, was correlated negatively with Ca concentration and/or Ca/Mg ratio in the leaves of all species in the cypress stands (Table 4) . Vlamis (1949) found that adding K or Mg to a serpentine soil could cause a competitive inhibition of Ca uptake by plants growing there. It is interesting that in our study this relationship occurs only within the cypress stands, where soil Ca concentrations are lower. Madhok (1965; cited by Proctor and Woodell, 1975) suggested that at lower Ca concentrations in the medium, a Ca carrier more subject to interference is active in Ca uptake.
The finding most difficult to explain is the negative correlation between leaf Ca in Quercus durata and soil Ca within non-cypress stands. A competitive interaction with another species may account for the peculiarity. In fact, the cover of Q. durata is correlated negatively with the cover of Adenostoma fasciculatum (r = -0.78; P< .01), an indication that a competitive relationship could exist.
The methods used in this study indicate a variety of possible adaptations to the extreme conditions found on serpentine soils. This information could provide a means for using some of the species as indicators of the chemical environment of these serpentine soils. First, however, further studies are needed under controlled conditions to test the hypotheses put forward in this paper. Table 1 . Species composition at each site. Species followed by an asterisk have the percentage cover recorded. The remaining species have values recorded corresponding to the number of m plots in which they were found at each site. Zeros indicate that a species was present within a stand but not found within the sampling areas. Spec1es ::r: 
APPENDIX
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